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Neurons Make the Difference?
Why do males and females behave so differently? Sexually dimorphic
neural circuitry has just been found in parts of the fly’s brain thought to
control mating behaviour. Might this explain why males and females
have such distinct sexual behaviours?Jai Y. Yu and Barry J. Dickson
Males and females of most
species behave rather differently,
particularly when it comes to sex.
This makes sexual behaviours
attractive models for trying to
understand innate behaviours in
general. Instead of trying to
identify all the genes and all the
neurons involved in a given
behaviour, and then figure out
how they all work, one can just
look for the genes and neurons
that make the sexes different, and
try to understand how these
genes and neurons shape the
distinct sexual behaviours of
males and females. In what might
be a major step towards this goal,
Kimura et al. [1] have now
discovered a clear difference in
neural circuitry in the brains of
male and female fruit flies. This
difference, they speculate, might
just explain why male flies do the
male thing and females do not.
Fly sex is a complicated
business. To woo a female, the
male must perform an elaborate
song-and-dance courtship ritual
[2]. The fruitless (fru) gene, the
RNA transcript of which is spliced
differently in males and females,
plays a key role during
development to lay the foundation
for this behaviour (Figure 1). In
males, fru RNA is spliced in sucha way as to encode male-specific
FruM proteins. Males that lack the
fru gene [3], or splice it the wrong
way [4], make a complete mess of
the courtship ritual. For the most
part, they do not even bother, and
if they do, they are just as likely to
try to woo another male as a
female. What is more, females
that splice fru RNA in the male
way, and therefore make FruM,
behave like males and try to woo
other females [4]. So, genetically,
fru seems to account for much of
the difference between male and
female sexual behaviour. Can fru
also lead us to the neuronal
circuits in the brain that make the
difference?
It turns out that FruM is made in
∼3000 neurons in the male brain,
or ∼3% of the total number of
neurons [5]. These neurons are
grouped into distinct clusters in
various regions of the brain. Are
these neurons also present in
females, and if so, what is
different about them? Because
the female fru transcripts do not
encode FruM, it has been rather
difficult to identify cells in females
that correspond to the FruM-
expressing cells in males. To
circumvent this problem, two
groups [6,7] recently used gene
targeting to insert coding
sequences for an independent
marker (GAL4) into the fru locus,replacing the alternatively spliced
exon so that the marker would be
produced in both males and
females. Surprisingly, these
studies revealed that almost all of
the FruM-producing neurons in the
male have counterparts in the
female, and at a gross level, they
seem to be wired up the same
way. Of course, this does not
exclude more subtle differences in
neuroanatomy, but without
knowing which of these ∼3000
neurons make the essential
difference, there seemed little
point to go on examining them all
at higher resolution.
Kimura et al. [1] took a different
line of attack, both technically and
strategically. They isolated a
random enhancer trap insertion
further downstream in the fru
locus, called NP21 (Figure 1).
NP21 labels many, but not all, of
the FruM neurons in males, as well
as the corresponding cells in
females. Kimura et al. [1] then
went on to characterize some of
these neurons at higher
resolution, undeterred by the lack
of behavioural data to indicate
which of them might be the most
relevant. Nevertheless, two sets of
NP21-positive neurons clearly
differed anatomically in males and
females (Figure 1). One of these,
belonging to the so-called fru-
mAL cluster [5], particularly
attracted their attention.
These neurons seem to serve as
a relay between the primary
gustatory centre of the brain and
higher brain regions thought to
integrate information from
multiple sensory modalities. There
are, on average, about 30 NP21-
positive fru-mAL cells in males
and about five in females. In a
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R24Figure 1. Sexually dimorphic circuitry in the fly brain.
The primary sex determinant in Drosophila is the ratio of X chromosomes to autosomes
(X:A), which leads to sex-specific production of Tra. Tra in turn regulates splicing of fru,
so that only male fru transcripts encode FruM (asterisk indicates multiple stop codons
included in the female transcripts). The NP21 enhancer trap insertion expresses GAL4
in many of the neurons that in males express FruM. A subset of these neurons is indi-
cated in the top row of brain schematics. OL, optic lobe; SP, superior protocerebrum;
SOG, suboesophageal ganglion. In males, about 30 fru-mAL neurons are labelled by
NP21; in females only about five are labelled. NP21 also labels specific neurons in the
optic lobe of males but not females. The middle and lower rows show representative
examples of single NP21-positive fru-mAL cells. The later-born bilateral neurons appear
to undergo programmed cell death (PCD) in females, which is blocked in males by FruM.
Whether this, or some other difference, explains the different sexual behaviours of
males and females is unknown.
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Current Biologyclever set of cell-labelling and
lineage-tracing experiments,
Kimura et al. [1] found that these
cells all derive from a common
precursor which, in males, givesrise to two distinct classes of
neurons: early-born neurons with
contralateral dendritic projections,
and later-born neurons with
bilateral projections. In females,these later-born bilateral neurons
are missing (Figure 1).
What happens to these cells in
females? Evidently, they undergo
programmed cell death. Kimura et
al. [1] do not document the
transient existence of these cells,
nor their death. But when they
eliminated the function of all three
of the death-inducing genes grim,
reaper and hid, females now had
male-like bilateral NP21-positive
fru-mAL neurons. So, even though
there is no smoking gun, we at
least know who may have pulled
the trigger. The authors propose
that one function of FruM is to
prevent the death of these cells in
males. This has an interesting
parallel in the nematode
Caenorhabditis elegans, where the
sex-determination factor TRA-1A
represses the apoptosis-inducer
egl-1 to prevent the elimination of
hermaphrodite-specific neurons [8].
The critical question now is
whether the death of a few
neurons can explain the dramatic
difference in sexual behaviour
between male and female flies.
Kimura et al. [1] note that females
mutant for the sex-determination
factor tra have bilateral fru-mAL
neurons and behave like males.
But everything about tra mutant
females resembles males [9], so
this does not nail the difference
specifically to the fru-mAL
neurons. Still, the location of
these neurons is provocative, and
it is tempting to speculate, as
Kimura et al. [1] do, that they
might contribute to the processing
of gustatory pheromones that
drive sexual behaviour. A more
mundane possibility is that they
are involved in processing food
stimuli, which could direct other
sex-specific behaviours such as
foraging and egg-laying.
Sex differences in central
nervous system circuitry have
been noted before [6,10–12] some
of which have also been shown to
be fru-dependent [6,11]. With the
genetic tools now available, it is
fairly straightforward to look in
similar detail for sex differences in
all of the other clusters of neurons
that, in the male, express FruM.
But the goal here should not be
just to continue to catalogue fine
differences in neuroanatomy
between males and females. We
Dispatch    
R25need to find out what, if anything,
such sex-specific circuits
contribute to the all-important
difference in sexual behaviour
between males and females.
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Seed dormancy provides a
striking example of how closely
intertwined plant development is
with the external environment. A
seed is said to be ‘dormant’ if it
fails to germinate even though it is
intact and healthy, and the local
conditions are favourable — for
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are optimal [1]. This can be very
important to survival: for example,
seed dormancy during the winter
might prevent the death of newly
germinated seedlings during
severe frosts. Other than being
biologically interesting, dormancy
is a trait of considerable
agricultural significance [2].
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a rapid life cycle is usually an
Plant Developmen
Strategies for Brea
Dormancy
Plant seeds will not germinate when 
the factors controlling dormancy? A r
basic-helix-loop-helix proteins that re
for maintaining dormancy. The comb
synergistically alleviates activity of th
germination.5. Lee, G., Foss, M., Goodwin, S.F., Carlo,
T., Taylor, B.J., and Hall, J.C. (2000).
Spatial, temporal, and sexually
dimorphic expression patterns of the
fruitless gene in the Drosophila central
nervous system. J. Neurobiol. 43,
404–426.
6. Stockinger, P., Kvitsiani, D., Rotkopf, S.,
Tirian, L., and Dickson, B.J. (2005).
Neural circuitry that governs Drosophila
male courtship behavior. Cell 121,
795–807.
7. Manoli, D.S., Foss, M., Villella, A., Taylor,
B.J., Hall, J.C., and Baker, B.S. (2005).
Male-specific fruitless specifies the
neural substrates of Drosophila
courtship behaviour. Nature 436,
395–400.
8. Conradt, B., and Horvitz, H.R. (1999). The
TRA-1A sex determination protein of C.
elegans regulates sexually dimorphic cell
deaths by repressing the egl-1 cell death
activator gene. Cell 98, 317–327.
9. Taylor, B.J., Villella, A., Ryner, L.C.,
Baker, B.S., and Hall, J.C. (1994).advantageous trait. Nevertheless,
complete lack of dormancy is
highly undesirable, particularly for
cereals, where it results in grain
germination on the parent plant
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reductions in yield.
A recent paper in Current
Biology [3] sheds new light on the
genetic hierarchies that integrate
the endogenous and external
signals governing exit from
dormancy, thus allowing
germination. Previous work has
already identified plant hormones
as key regulators of these
processes, with abscisic acid
(ABA) required for dormancy and
gibberellin (GA) promoting
germination [4–6]. Exit from
dormancy is also driven by
changes in environmental
conditions such as a cold
treatment [7] — referred to as
stratification — and the presence
of red light sensed by
phytochrome photoreceptors
[1,8]. Nevertheless, it is not known
how cold temperature and light
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to control germination [8]. It is
also unclear how the mechanisms
that break dormancy in freshly
harvested seeds relate to those
allowing germination of seeds that
have been stored for longer
periods of time and that therefore
have undergone a ‘maturation’
process sometimes referred to as
after-ripening [9].
The new work of Penfield et al.
[3] has provided substantial
insights into these problems. The
authors screened available gene
expression datasets for regulatory
factors expressed in seeds, and
identified SPATULA (SPT), a
basic-helix-loop-helix (bHLH)
protein and thus a putative
transcription factor, as a
candidate regulator of seed
development. Interestingly, SPT
had previously been shown to
control fruit growth and carpel
development. A loss-of-function
spt mutant displayed reduced
dormancy in the light such that
freshly harvested seeds were able
to germinate without stratification,
unlike seeds of the wild-type Ler
strain that require this cold
treatment. Conversely, a likely
gain-of-function spt mutation
completely eliminates cold-
responsiveness, hence
conditioning reduced germination
in freshly harvested seed in both
dark and light. 
Penfield et al. [3] used these
two different mutant spt alleles to
investigate the role of SPT in
controlling germination of
